The Oligocene/Miocene basanite from Pilchowice (Sudetes Mts., SW Poland) carries numerous small xenoliths of mantle peridotite, mostly harzburgite. The Pilchowice xenolith suite is dominated by harzburgites and dunites containing olivine Fo 90.2-91.5 (group A). The peridotites of group B (olivine Fo 88.6-89.4), and C (olivine Fo 83.2-86.5) are subordinate. The peridotites suffered from significant melt extraction (20-30%) and were subsequently subjected to metasomatism. Three different trace element compositional patterns of group A clinopyroxene occur, which are typical of silicate melt, carbonatite melt and silicate-carbonatite melt metasomatism, whereas groups B and C were affected by silicate melt metasomatism only. The Pilchowice basanite occurs at the contact of Karkonosze-Izera Block and Kaczawa Complex, two major geological units of Sudetes. The Pilchowice xenolith suite documents underlying lithospheric mantle of composition and depletion degree similar to those described in the whole Lower Silesian mantle domain, which forms NE termination of Saxo-Thuringian zone of the European Variscan orogen. The crustal structure of the orogen is, therefore, not mirrored in the mantellic root.
Introduction
The Variscan orogen of Europe consists of few major tectonostratigraphic units corresponding to individual subduction -collision systems (Mazur et al. 2006; Franke 2014 and references therein) . Their mantle roots differ among each other by different seismic anisotropy (Plomerová and Babuška 2010 and references therein) . The studies of mantle xenoliths occurring in Cenozoic alkaline volcanic rocks show that the lithologically homogeneous mantle "domains" of lateral size from tens to first hundreds of kilometers occur within each tectonostratigraphic unit of the orogen (e.g., Lenoir et al. 2000; Puziewicz et al. 2015) . Thus, the mantle roots of major tectonostratigraphic units of the orogen have a mosaic internal structure.
The Lower Silesian mantle domain is overlain by the easternmost part of Saxo-Thuringian Zone and adjoining Central Sudetes accretionary prism (see Mazur et al. 2015 for details of surficial geology). This mantle domain is dominated by depleted harzburgites, overprinted by "Fe-metasomatism" and subsequently by alkaline silicate or silicate-carbonate metasomatism related to Cenozoic alkaline volcanism (Puziewicz et al. 2015) . Numerous local variations in rock composition and style of their metasomatic overprint occur within the Lower Silesian mantle domain (e.g., Puziewicz et al. 2011; Matusiak-Małek et al. 2014; Kukuła et al. 2015a) . The study of individual xenolith suites contribute to the detailed characteristics of lithospheric mantle, enabling better insight into its geological history. In this paper, we present the case study of mantle xenolith suite from Pilchowice in Lower Silesia which was brought to the surface at ca 23 Ma. We discuss the details of mantle evolution recorded in the xenoliths and comment on its significance to the overall characteristics of the Lower Silesian mantle domain of the European Variscan orogen. The Pilchowice basanite is located directly on the IntraSudetic Fault (ISF)-a major Variscan NW-SE trending, long-living (Devonian-Carboniferous, Don 1984 or Devonian-Permian; Aleksandrowski et al. 1997 ) dislocation transecting whole the Sudetes. In the vicinity of Pilchowice the ISF separates Karkonosze-Izera Block (represented by gneisses) from the mica schists of Kaczawa Complex (Fig. 1b) . The fault is rather shallow structure (Żelaźniewicz and Franke 1994; Aleksandrowski 1994; Aleksandrowski et al. 2000) and thus could have enhanced the eruption of Pilchowice basanite only in the shallowest part of the crust.
Analytical methods, terminology
In this study, we present data from 17 xenoliths. Their modal composition has been determined on high-resolution scans of 120 μm thick, polished sections in transmitted light with use of JMicroVision free software. Bulk rock major elements of the host basanite were analyzed with the sequential X-ray spectrometer Phillips PW 2400 equipped with a Rh-excitation source. Major elements analyses of minerals have been done in the Department of Lithospheric Research, University of Vienna with use of Cameca SX 100 electron microprobe working under standard conditions (acceleration voltage of 15 kV and sample current 20 nA, natural and synthetic minerals as standards, PAP correction procedure applied).
Laser ablation-inductively coupled plasma mass spectrometry (LA-ICPMS) "in situ" trace element analyses of pyroxenes from a majority of xenoliths were conducted in the laboratory of the Institute of Geological Sciences of the Polish Academy of Sciences, Kraków Research Centre, using a Resonetics RESOlution M50 excimer laser (ArF; Müller et al. 2009 ) coupled with a Thermoelectron XSeriesII ICP-MS system. Energy density of 8 10 J cm −2 at a repetition rate of 10 Hz was applied. Diameter of ablation spot varied from 40 μm (clinopyroxene) to 110 μm (orthopyroxene); ablation time was 45 s. Sample runs were bracketed by measurements of NIST 612 glass (reference values of Jochum et al. 2011 were adopted) and MPI DING (KL2-G, ML3B-G, GOR128-G) glasses as secondary standards (Jochum et al. 2011) . Ca content measured by electron microprobe was used as an internal standard. Data processing was performed by Glitter 4.0 (van Achterberg et al. 2001) . Some of the LA-ICPMS analyses were conducted at the Institute of Geology, Czech Academy of Sciences, Prague using an Element 2 Thermo Finningan ICP-MS system coupled with UP-213 LA system (New Wave Research). Energy density of 9 10 J cm −2 and laser repetition rate of 20 Hz was used; ablation time was 25-30 s. Beam diameters were 100 or 55 μm (depending on the grain size). In each section, we have analysed ca. 12 spots in 2 crystals of both ortho-and clino-pyroxene. (Badura and Przybylski 2000, modified) ; left and right insets show location of the study area in Europe and in Poland, respectively; numbers indicate xenolith localization discussed in text: 1-Steinberg, 2-Księginki, 3-Grodziec, 4-Krzeniów, 5-Lutynia; b geological units forming Sudetes and Fore-Sudetic Block. Lower inset shows sketch of Bohemian Massif with location of Sudetes and main faults (Aleksandrowski et al. 1997, modified) ; c detailed geological map of Pilchowice area (Szałamacha 1974, modified) ◂ Analyses were averaged within xenoliths due to homogeneous content of trace elements.
The 
Petrography
The Pilchowice xenoliths are dark green, angular to oval, their contacts with the host rock are typically sharp but locally 0.5 mm reaction zones formed of anhedral olivine, orthopyroxene and clinopyroxene occur. The xenoliths have typically composition of harzburgite, but some dunites and wehrlites occur as well ( Fig. 2 ; Table 1 ). All the xenoliths show protogranular (M3302, M3303, M3304, M3305, M3306, M3308, M3311, M3312a, M3312b, M3313, M3314a, M3314b, M3315) to porphyroclastic (without lineation) texture (M3307; sensu Mercier and Nicolas 1975; Fig. 3) . Serpentinization occurs only in marginal parts of some grains. We group grains in three classes, following classification by Matusiak-Małek et al. (2014) : I-rockforming, large, subhedral crystals of olivine, ortho-and clinopyroxene and spinel; II-elongated rods or lamellae of spinel, clinopyroxene and rarely orthopyroxene localized in core parts of ortho-and clinopyroxene; III-fine (50-100 μm), euhedral crystals of olivine, clinopyroxene, spinel and feldspar/glass occurring in ~ 1 mm "intergranular aggregates" (Fig. 3a) .
Olivine I forms 1-5 mm subhedral crystals with deformation lamellae ("kink bands"; Fig. 4a ). Orthopyroxene I occurs as subhedral crystals up to 4 mm long with parallel lamellae of clinopyroxene II and spinel II in cores (Fig. 4b,  c) . Clinopyroxene I is anhedral and typically up to 2 mm long and forms clusters with spinel I (Figs. 3b, 4d ). Some crystals of clinopyroxene are partly or overall spongy (Fig. 4e) . Pores in the spongy clinopyroxene are filled by glass, feldspar and spinel. Relatively large grains of spinel, interpreted by us to be spinel I, occur only in the intergranular aggregates. Those spinel I crystals are mainly isometric, subhedral and up to 2 mm long. Large spinel crystals with broad spongy rims occur in harzburgite M3315 and millimetric-size spinel symplectite occurs in the intergranular aggregate in harzburgite M3316.
The intergranular aggregates consisting of olivine III, clinopyroxene III, spinel III and glass occur abundantly in most of the xenoliths (Figs. 3a, 4f, g ). Only in xenoliths M3312 and M3309 the aggregates are limited to fine grained mixture of olivine III, clinopyroxene III and glass forming < 50 µm thick rims around orthopyroxene I (Fig. 4h) . Olivine III and clinopyroxene III are subhedral and form 0.1 mm long crystals. Massive, oval cores surrounded by angular rim occur in some of the clinopyroxene III crystals. Spinel III forms subhedral, angular, 150 μm crystals, often poikilitically enclosed in olivine III and clinopyroxene III. Small patches of locally devitrified glass occur 1 3 among crystalline phases forming intergranular aggregates ( Fig. 4g ). In some of the aggregates, larger (400 μm) crystals of spinel III formed of massive core and spongy rim occur. Harzburgite M3303 contains angular (Fig. 5a ) pool dominated by glass. Two types of glass occur in the pool: "dark" (in BSE image) surrounding euhedral, rhomboidal crystals of clinopyroxene up to 50 μm long and 10 μm thick) and "light", enclosing numerous acicular (< 1 μm thick) or bigger, euhedral crystals of clinopyroxene as well as barrelshaped crystals of apatite and scarce sulphides-pentlandite and chalcopyrite (Fig. 5b) . Close to the euhedral crystals of clinopyroxene, the "light" glass is always free of acicular clinopyroxene and other crystalline phases (Fig. 5b) . The "dark" glass is scarcely clear: if it occurs as blebs in the "light" glass, it encloses roundish, very-fine lighter phases (Fig. 5b) . Angular aggregate formed of nepheline and glass with subordinate crystals of chalcopyrite and pentlandite occurs in xenolith M3311 (Fig. 5c ).
Chemical composition of minerals
Based on the forsterite content in olivine I, we have divided xenoliths into three groups. Group A olivine I is characterized by forsterite content varying from 90.2 to 91.5%, groups B and C by olivine I containing 88.6-89.4 and 83.2-86.5% of forsterite, respectively ( Fig. 6 ; Table 2 ). Olivine grains located at xenolith/basanite contact are enriched in Ca (up to ca 1200 ppm) and impoverished in Fo (e.g. 84.20% in A xenoliths) and are not discussed in the following.
Group A
Crystals of olivine I in group A xenoliths are chemically homogeneous. NiO content is 0.33-0.45 wt% ( Fig. 6 ; Table 2 ) and CaO content reaches 0.11 wt% (780 ppm Ca).
Orthopyroxene I has composition of Al-Cr enstatite. Magnesium number varies from 0.91 to 0.92 and is negatively correlated with Al content (0.02-0.15 apfu; Fig. 7a ; Table 3 ). Composition of clear rims and lamellae-bearing cores is either similar or the lamellae-bearing cores is enriched in Al relative to clear rims. Calcium content is 0.01-0.05 apfu. Rare earths elements (REE) patterns of group A orthopyroxene are either U-shaped with the inflection point on Eu or Gd or Light REE (LREE)-depleted ( Fig. 7c, d ). The (La/Lu) N is 0.04-0.92 in the LREE-depleted orthopyroxene and 0.24 in the U-shaped orthopyroxene. Orthopyroxene I is typically characterized by Sr, Zr-Hf and Ti negative anomalies (Fig. 7e,  f) . Orthopyroxene in xenolith M3315 is very depleted in almost all the trace elements, but the Zr, Hf and Ti contents are similar to that in other group A orthopyroxene (Fig. 7a, b ; Table 3 ). The orthopyroxenes' REE pattern shows a constant decrease from HREE to LREE [(La/Lu) N = 0.12; Fig. 7c ] and is characterized by Sr (Sr/Sr * = 0.08) and U, Th and Ti (Ti/Ti * = 1.45) positive anomalies ( Fig. 7d ; Table 4 ).
Clinopyroxene I (Mg# 0.90-0.91, Fig. 8a ) has composition of Al-Cr or Cr diopside. It contains 0.08-0.15 atoms of Al pfu (Fig. 8a) Table 6 ) and slight Sr negative anomaly (Sr/ Sr * = 0.16). Clinopyroxene II has composition similar to that of clinopyroxene I (Mg# = 0.90-0.91, Al = 0.13-0.14 apfu, Ca = 0.82-0.83 apfu). The group B spinel is scarce and forms minute crystals.
Group C
Olivine I contains 83.2-86.5% of forsterite ( Fig. 6 ; Table 2 ). The NiO content is 0.22-0.41 wt%, whereas the CaO content ranges between 0.06 and 0.18 wt% (400-1280 ppm). Contents of CaO on the edges of crystals are higher than those in the core parts.
Orthopyroxene I (Mg# 0.86-0.88) has composition of Cr enstatite ( Fig. 7a, b ; Table 3 ). The Al and Ca contents are 0.09-0.12 and 0.03-0.04 apfu, respectively. Orthopyroxene I is LREE-depleted [(La/Lu) N = 0.04]; its multi-trace element diagram shows negative anomalies in Sr(Sr/Sr * = 0.07), Zr-HfandTi(Ti/Ti * = 0.12) and elevated U content ( Fig. 7d ; Table 4 ). Orthopyroxene II is chemically similar to orthopyroxene I (Mg# = 0.88, Al = 0.12 apfu, Ca = 0.04 apfu).
The chemical composition of clinopyroxene I forming group C varies between xenoliths. Mg# in xenolith M3312a is 0.86-0.88, while in xenolith M3309 it is 0.88-0.90 (Fig. 8a, b) . The Al content is 0.17-0.20 apfu in xenolith M3312a and 0.08-0.13 apfu in xenolith M3309. Ti content varies within the range of 0.01-0.09 apfu and is inversely correlated with the Cr content (0.02-0.06 apfu).Clinopyroxene from both group C xenoliths is LREE-enriched with inflection at the most incompatible elements (Fig. 8c) . Table 6 ). The group C spinel has composition similar to that in other groups (Mg# = 0.57-0.60, Cr# = 0.38-0.42), despite the higher TiO 2 content (1.64-1.81 wt%, Table 7 ).
Chemical composition of phases forming intergranular aggregates
The Fo (87.5-91.7%) and NiO (0.32-0.41 wt%) contents in olivine III are similar to those of olivine I in a given xenolith, but the mineral is significantly richer in Ca (840-2650 ppm; Table 2 ). Only in group C xenoliths olivine III has higher Mg# than in olivine I.
Clinopyroxene III is Cr-Al-Ti augite or diopside. Locally, composition of its cores mimics that of clinopyroxene I in the same xenolith. Mg-number of clinopyroxene III ranges from0.85 (in group C)to 0.92 (in group A; Fig. 8a ; Table 5 ). The Al contents of clinopyroxene III are relatively high (Al = 0.05-0.25apfu; Fig. 8a ), except that forming rims around orthopyroxene I(0.01-0.02 atoms of Al pfu; Table 5 ). The Cr number of spinel III varies from 0.54 to 0.73, while Mg# is rather constant (0.50-0.56). Content of TiO 2 is similar to that of spinel I and varies from 0.06 to 0.65 wt% ( Fig. 9 ; Table 7 ). The glasses contain 55.61-60.29 wt% of SiO 2 , and the totals of Na 2 O and K 2 O are 6.56-14.59 wt%, classifying most of the glasses as phonolites, but more and less evolved compositions occur as well (Fig. 10) .
Clinopyroxene III occurring in "glassy patch" in xenolith M3303 has the composition of subsilicic Al-Fe-Ti diopside of Mg# 0.79-0.81 (Table 5) , while coexisting apatite is fluoroapatite (F = 3.25 wt%; Table 8 ). The glassy patch from xenolith M3311 consist of nepheline (Na = 0.97-1.03 apfu) chloritized glass, (FeO = 15.50 wt%, Na 2 O + K 2 O = 0.02-0.30 wt%), euhedral clinopyroxene (Mg# = 0.81-0.84) and chalcopyrite-pentlandite bleb. The glass has composition of foidite, but with two chemical varieties: the clear "dark" glass surrounding euhedral clinopyroxene is rich in Na 2 O = 13.95-14.05 wt% and poor in K 2 O (0.53-0.85 wt%), whereas "light" glass has the lower Na 2 O content (4.17-7.51 wt%), but higher K 2 O content (7.40-8.80 wt%; Table 8 ).
Discussion

Evolution of the Pilchowice peridotites
Peridotitic xenoliths exhumed to the surface by alkaline lavas represent rocks forming Earth's lithospheric mantle Fig. 6 ). The Pilchowice xenoliths plot in the Olivine-Spinel Mantle Array field by Arai (1994) and in the Phanerozoic mantle field by Griffin et al. (1999) . Group B xenoliths shows the lower Fo content (88.62-89.39%) in olivine I. In both groups, the high Fo content is followed by high Mg# values in coexisting orthopyroxene (0.91-0.92 in group A and 0.90-0.91 in group B). Olivine is abundant in group C xenoliths, but it is less magnesian (Fo = 83.25-86.47%) relative to that of groups A and B. The spinel in group C is relatively rich in TiO 2 (1.64-1.81 wt%). Peridotites chemically classified as groups A, B and C have been recognized in most mantle xenolith suites at the northern margin of the Bohemian Massif (Fig. 6) . Typically, group C xenoliths are of cumulative origin (Matusiak-Małek et al. 2017a, b; Kukuła et al. 2015b; Puziewicz et al. 2011) .
The Pilchowice peridotites are mostly harzburgites and dunites. Such a clinopyroxene-poor lithology suggests the rocks to be restites after extraction of basaltic melt. Estimates of partial melting degree can be done based on the MgO-Al 2 O 3 relationships in orthopyroxene I (Upton et al. 2011 ; Fig. 11 ), which suggest that group A and B xenoliths were subjected to c. 20-30% of melt extraction. The orthopyroxene in group C harzburgite seems not to be shaped by partial melting.
The modal content of orthopyroxene in variable models of primitive mantle varies from ~ 23 to ~ 30 vol%. (Walter 2003 and references therein) and in general is correlated negative with degree of partial melting (Walter 2003) . The modal content of orthopyroxene in depleted rocks should be lower, which is the case in most of the Pilchowice xenoliths (Table 1) . However, harzburgites M3307 and M3316 (both group A) have elevated content of the mineral (38 and 29 vol%, respectively). As such these phenomena cannot be easily explained by melting processes, some orthopyroxene I must have been added to the rocks and possibly is a metasomatic phase. Approximately 25% of melt extraction should result in a complete removal of clinopyroxene from the host rock (Walter 2003) . Many points representing the Pilchowice xenoliths are located above the 25% melt extraction point in the diagram of Upton et al. 2011 (cf . Fig. 11 ), but they contain from 0.1 to 2.8 vol% of clinopyroxene, which suggests that the mineral was added to the rock after partial melting event.
The high Cr# of spinel and its positive correlation with Mg# ( Fig. 9) suggests that the mineral was affected by partial melting. The Cr# of spinel can be used to estimate the degree of melt extraction from the host rock (Hellebrand et al. 2001) . Our calculations show that degree of melt extraction is similar in all the xenoliths and varies from 19 to 22% in group A and B peridotites. The grains of spinel with the TiO 2 content > 0.5 wt% were not included, as they may be non-residual ones (Pearson et al. 2003) .
Major and trace elements contents of clinopyroxene are sensitive to melting and metasomatic events, which affected the mineral. The degree of melt extraction is negatively correlated with the Al and Na contents and increases with increasing Mg#. The Pilchowice clinopyroxene follows a negative Al-Na trend, but it deviates from the MgO-Al 2 O 3 melting trend proposed by Upton et al. (2011, not showed) . This suggests that chemical composition of clinopyroxene might not have been shaped by partial melting but by metasomatic reactions. This is also suggested by the trace element contents, which usually exceed those in primitive mantle (Fig. 8) . The exception is xenolith M3315 (subgroup A1) where only the LREE content is elevated and the less incompatible REE (HREE) might have been affected by melt extraction. However, this clinopyroxene is characterized by the very low (~ 0.05 apfu) Al content which would require an unrealistically high degree of melt extraction and, therefore, is possibly not a primary phase. The discussed data suggest that the group A and B peridotites from Pilchowice are restites after approximately 20-30% of melt extraction and that the clinopyroxene was added to the rocks after the partial melting event. This scenario seems to be common in off-craton lithospheric mantle (Malarkey et al. 2011; Puziewicz et al. 2015) .
Metasomatic events in the Pilchowice peridotites
The clinopyroxene I occurring in the Pilchowice peridotites was added late in their evolution. Since the mineral was added to clinopyroxene-free rocks, the metasomatic events were of modal nature ("stealth metasomatism", O'Reilly and Griffin 2013). Three kinds of clinopyroxene I occur in the Ionov et al. (2002) as a result of reaction of depleted peridotite with carbonatite-rich melt at distance from a source of melt. Nevertheless, we have calculated the trace element composition of alkaline silicate melt in equilibrium with this clinopyroxene (Fig. 12a) . The resulting pattern shows that possible parental melt for group A1 clinopyroxene I was an alkaline silicate melt similar to the host Pilchowice basanite. Metasomatism by silicate melt is suggested also by the high Ti/Eu ratio (Fig. 13) . High Mg# in clinopyroxene suggests that its equilibration took place in relatively low temperatures (Brey and Köhler 1990; O'Reilly and Griffin 2013) . The time relations between metasomatism and equilibration remain virtually unknown.
The composition of subgroup A2 clinopyroxene is variable in terms of major element composition (Fig. 8) . Its REE pattern has a convex-upward shape with the inflection point at Nd (xenoliths M3304 and M3307) or Ce (xenoliths M3301, M3302, M3303). Such inflection is interpreted as a result of the significant difference in clinopyroxene-alkali basaltic melt partition coefficients between LREE and HREE (e.g. Hart and Dunn 1993) . Thus, the formation of subgroup Upton et al. (2011) . Numbers show degree of melt extraction A2 clinopyroxene was possibly related to reaction with alkaline silicate melt. The trace element composition of melt in equilibrium with subgroup A2 clinopyroxene resembles that of host basanite-normalized patterns of both the melts are parallel except negative Ti, Zr-Hf and Nb-Ta anomalies occurring in a hypothetical melt. There is no consensus in the interpretation of Zr, Hf negative anomalies in mantle clinopyroxene (Downes et al. 2015 and references therein). These anomalies can result from (1) melt extraction, or (2) crystallization from carbonatitic melt. Our data show that the clinopyroxene from Pilchowice xenoliths is metasomatic, not restitic; thus, its anomalies are result of carbonatitic melt action. The carbonatite-related origin of clinopyroxene is supported also by its low (Ti/Eu) and high (La/Yb) N ratios ( Fig. 13) . We have thus compared trace elements composition of carbonatitc melt in equilibrium with Pilchowice clinopyroxene to composition of carbonatite from CEVP (Fig. 12b) . A good correlation between the calculated melt and natural carbonatite suggest, that the metasomatic agent was a mixed silicate-carbonatite melt. Supposedly, the A2 xenoliths represent various stages of reaction of harzburgite with the carbonated alkaline silicate melt, which was subjected to unmixing of carbonatite. Subgroup A3 clinopyroxene I is strongly enriched in LREE and has significant U-Th positive and Ti, Zr-Hf and Nb-Ta negative anomalies. High contents of Th and U with strong depletion in Ti are considered as indicators of carbonatitic melt (Coltorti et al. 1999) . The carbonatite origin of this clinopyroxene is also demonstrated by the lack of inflection in its REE pattern and extremely low Eu/Ti and high (La/Yb) N ratios (Fig. 13) . The calculated hypothetical carbonatite melt equilibrated with A3 clinopyroxene is very similar to a typical carbonatite composition (Fig. 12b) . On the other hand, the xenolith lacks other mineralogical indicators of reaction with carbonatite, like elevated clinopyroxene content, presence of carbonates and/or phlogopite.
Group B is characterized by the lower forsterite content in olivine and Mg# in orthopyroxene I. Similar iron-enriched peridotitic xenoliths are widespread at the northern margin of the Bohemian Massif (Puziewicz et al. 2015; MatusiakMałek et al. 2017a, b) and, as they lack cumulative textures, are interpreted as a result of "Fe-metasomatism" of peridotites by alkaline silicate melts.
The trace element of group B clinopyroxene composition is similar to that of clinopyroxene from subgroup A2, but the Ti, Zr-Hf and Nb-Ta anomalies in the trace element pattern are significantly less pronounced. We assume, . Cpx/alkali basalt partition coefficients after Hart and Dunn (1993) and Ionov et al. (2002) , those of cpx/carbonatite after Walker et al. (1992) , Klemme et al. (1995) and Blundy and Dalton (2000) Ti/Eu Coltorti et al. 1999) by analogy with the group A2, that alkaline silicate melt should be responsible for metasomatism of group B xenoliths. Calculated composition of hypothetical metasomatic melt and low (La/Yb) N ratio in clinopyroxene supports this view (Figs. 12, 13 ). The chemical composition [especially Mg/(Mg + Fe) ratios] of phases forming group C xenoliths are not typical of mantle rocks. Such rocks may result from crystal accumulation from melt migrating through the mantle, and are characterized by: cumulative textures (sometimes recrystallized), high clinopyroxene content and elevated TiO 2 content in spinel (Elton and Steward 1992; Borghini and Rampone 2007; Ackerman et al. 2012) . Wehrlite M3309 is the only coarse-grained xenolith with texture resembling recrystallized cumulate. To verify its cumulative origin, we have calculated composition of melt in equilibrium with its clinopyroxene I. The trace element composition of the calculated melt strongly resembles that of host basanite (Fig. 12a) . Therefore, wehrlite M3309 supposedly originated by crystal settling from a melt similar to the Pilchowice basanite.
Group C xenolith M3312a is a clinopyroxene-bearing dunite with TiO 2 -rich spinel. The hypothetical melt in equilibrium with that clinopyroxene is similar to the host basanite (Fig. 12a) , suggesting the cumulative origin of the rock. However, dunite could also have originated by replacement of orthopyroxene by olivine during percolation of basanitic melt in the surrounding harzburgite (Kelemen et al. 1992) . A similar model of dunite origin was proposed for a xenolith suite from the Grodziec locality (Matusiak-Małek et al. 2017b) .
Group "C" xenoliths have been described also from other Lower Silesian localities-Grodziec and Wilcza Góra (Matusiak-Małek et al. 2017a, b) . Those xenoliths are characterized by cumulative texture and high clinopyroxene content and were interpreted as precipitates from mafic melt.
The relationships between major elements in clinopyroxene from subgroup A2, and groups B and C (Fig. 8) mimic the experimentally produced trend of peridotites reacting with mafic melt (e.g., Tursack and Liang 2012). In those experiments, contents of Fe, Ti and Al in clinopyroxene decrease outwards from the contact between mafic melt and peridotite. In natural occurrences of peridotite (Kelemen 1990; Kelemen et al. 1992; Le Roux et al. 2007) , as well as in experiments (Tursack and Liang 2012) peridotite/melt reaction is usually followed by dunitization process which, however, cannot be easily proved in the Pilchowice xenolith suite due to a small size and small number of studied xenoliths.
The data presented in this paper show that clinopyroxene is a late addition to the studied rocks, and thus may not be in chemical equilibrium with orthopyroxene. The relationships between mg-numbers in ortho-and clinopyroxene I in the Pilchowice xenoliths suggest chemical equilibrium as they are similar to the theoretical ones calculated on the basis of the distribution coefficient between these minerals (Tables 3,  5) . However, when clinopyroxene-orthopyroxene (Brey and Köhler 1990; Liang et al. 2013 ) and Al-in-orthopyroxene (Witt-Eickschen and Seck 1991) geothermometers are applied, the resulting temperature differences vary up to 130 °C within a xenolith. Therefore, in our opinion the calculated temperatures cannot be treated as the reliable ones.
Origin of intergranular aggregates and glassy pools
The minerals occurring in intergranular aggregates in the Pilchowice xenoliths differ from rock-forming phases (set I) by size and textural position as well as chemical composition. This suggests that origin of the aggregates was different than that of the host rock. Several mechanisms of formation of such aggregates have been proposed in literature: (1) direct infiltration of the host magma Shaw and Dingwell 2008) ; (2) decomposition of hydrous phases (e.g. Aliani et al. 2009; Shaw 2009 ); (3) melting of peridotite (Carpenter et al. 2002; Shaw et al. 2006 ) and (4) infiltration ofa meltat mantle depths (Shaw and Klügel 2002) ;
No hydrous phases (amphibole or phlogopite) occur in the Pilchowice xenoliths thus scenario (2) of formation of aggregates should be excluded. Even, if we assume that amphibole completely broke down to olivine, clinopyroxene, spinel and glass ± rhönite (Aliani et al. 2009; Shaw 2009; Ladenberger et al. 2006b ), the modelled composition of theoretical amphibole does not fit to composition of any of amphibole described in xenoliths from the Lower Silesia area (Matusiak-Małek et al. 2010) . Carpenter et al. (2002) and Shaw et al. (2006) suggested that formation of new clinopyroxene as spongy rims at the cost of the existing one effects from melting of the primary phase. In this scenario, Al and Na should decrease in the newly formed phase, whereas Ca should increase. The Na and Ca contents in clinopyroxene III in the Pilchowice xenoliths follow the melting trend, but Al content is greater compared to that of clinopyroxene I. Refertilization in Al requires reaction with an alkali silicate melt. This must have happened under pressures exceeding stability limits of plagioclase, because the mineral does not occur in the intergranular aggregates. The lithospheric mantle is located at depth of c. 32 km in the region (Majdański et al. 2006) , thus essentially in the spinel stability field (for detailed discussion see Puziewicz et al. 2011) . Therefore, we suppose that the intergranular aggregates were formed due to melt infiltration at mantle depths. The small size of their grains and occurrence of glass indicates crystallization immediately before xenolith were entrained into the erupting lava.
Cores of some of the clinopyroxene III crystals have the same composition as clinopyroxene I while its rims are strongly enriched in Al. This suggests that clinopyroxene I was replaced by clinopyroxene III. This view is further supported by a parallel arrangement of clinopyroxene III crystals, which resembles cleavage system and crystallographic axes of clinopyroxene. The composition of both clinopyroxene III grains with and without relics of clinopyroxene I follows the same trends (Fig. 8a, b) and indicates its formation by analogical process.
The only significant chemical difference between olivine I and olivine III is the elevated Ca content in the later. This is best explained by the high calcium activity in the melt from which the olivine crystallized (Jurewicz and Watson 1988) .
The composition of glasses occurring in the intergranular aggregates is usually far more evolved than that of the host basanite and reaction with a melt of such composition should strongly decrease the Mg# in reactive clinopyroxene III, which is not the case (Fig. 8) . Moreover, a fine-grained mixture of olivine III, clinopyroxene III and glass enveloping orthopyroxene I is typically interpreted as a result of reaction of the latter with alkaline silicate melt (Shaw et al. 1998) . We thus claim, that glasses do not represent the medium which affected clinopyroxene I, but a product of reaction between clinopyroxene I or orthopyroxene I and infiltrating alkaline silicate melt. Products of the reaction depends on the reacting phases (clinopyroxene or orthopyroxene) and may include secondary clinopyroxene, secondary olivine, glass and possibly secondary, TiO 2 -rich spinel. Therefore, clinopyroxene III may vary in composition depending on weather it was formed due to orthopyroxene I or clinopyroxene I reaction with infiltrating melt.
The angular glass pool in xenolith M3303 contains glass euhedral and acicular subsilicic Al, Fe, Ti diopside ("fassaite") ± apatite ± pentlandite ± chalcopyrite. Their relationships suggest crystallization of acicular clinopyroxene followed by its recrystallization.
Geological significance of the Pilchowice xenoliths
The xenolith occurrence in Pilchowice is located between the Lubań-Frydlant and Złotoryja-Jawor "volcanic complexes", and is the only xenolith occurrence in the area of radius of ca 25 km. The xenolith suite from Pilchowice shows that the harzburgitic lithospheric mantle (type "A" of Matusiak-Małek et al. 2014) continues from the northernmost termination of the Eger Rift (Steinberg near Gör-litz) to the Jawor-Złotoryja "volcanic complex" (Krzeniów near Złotoryja, Matusiak-Małek et al. 2014; see Fig. 1 ). The chemical compositions of minerals from Pilchowice xenoliths does not differ significantly from those occurring in the region (Fig. 14) on both flanks of ISF. The Intra Sudetic Fault is one of the major Variscan geological boundaries in the region. The reflection seismic study of Żelaźniewicz et al. (1997) shows that the ISF is a shallow NE dipping structure reaching the depths of 12 km. The middle crust located beneath exhibits dome-like structure which is result of a contact between two major Cadomian crustal units (Żelaźniewicz et al. 1997) . The underlying mantle is, however, lithologically homogeneous over the distance of at least 70-80 km. This demonstrates the decoupling between crustal and mantle structures within the Lower Silesian part of Saxo-Thuringian domain of Variscan orogen.
Conclusions
The mantle xenolith suite from Pilchowice is dominated by harzburgites, which experienced significant (20-30%) melt extraction, which left olivine-orthopyroxene residuum devoid of clinopyroxene. The latter was added in small amounts to the rocks during metasomatic events which occurred subsequently. The metasomatism was induced by mixed carbonatite-silicate melts, which evolution, including possible unmixing of carbonatitic and silicate components, is recorded in variable trace element relationships in clinopyroxene. The droplets of melt resided in the mantle rocks when their pieces were entrained into erupting lava and brought to the surface as xenoliths. The composition of glasses occurring in the solidified melt droplets is variable, showing that alkaline melts percolating lithospheric mantle immediately before the volcanic event were evolving, supposedly due to both reaction with the host and varying physico-chemical conditions.
The mantle section sampled by the Pilchowice basanite at ca 23 Ma is similar to the whole mantle domain beneath Lower Silesia. The latter is essentially harzburgitic and was subjected to extensive melt extraction (Puziewicz et al. 2015) . This domain of lithospheric mantle was affected by migrating mixed carbonatite-silicate melts, which induced metasomatic changes of various intensity (e.g. Krzeniów xenolith suite, Matusiak-Małek et al. 2014) . Locally (e.g., Księginki, Grodziec) intense effects of alkaline silicate melt percolating in the mantle immediately before the Cenozoic eruptions are recorded in the mantle peridotites (Puziewicz et al. 2011; Matusiak-Małek et al. 2017b) .
The Pilchowice basanite occurs at the Intra-Sudetic Fault, which is one of the major tectonic borders in the NE part of Bohemian Massif. The mantle xenolith suite from Pilchowice is, however, similar to other suites from the region, and no significant differences occur in the mantle rocks on the both sides of the Fault (Kukuła et al. 2015; Matusiak-Małek et al. 2014 , 2017a , b, 2010 Puziewicz et al. 2011; Ackerman et al. 2007 ). Our observations support the findings of Żelaźniewicz et al. (1997) that the Intra-Sudetic Fault, albeit a major dislocation in the NE part of the Bohemian massif, is a shallow structure which is not continuing into the middle-and lower crust. The Pilchowice xenolith suite is isolated from other mantle xenolith occurrences in the region and shows the continuity of Lower Silesian mantle domain in the region. 
